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Tt.c dete.rr.t.tnation of the ~ffect ::i:... .. 'l.,.•~-~,-:-1:"1-- 1-1pcn tnj;: ;-='"GpPrt.,~: c: 
of the parent mc,tal is the aim of thi'; s'·--"~/. Pr<?vious ·,,;,rl< can1•.•1 
out by another investigator from July, 1, >'., thro1J1:-h J;,..:,u:,r;r, 19J::, 
i,s sun:marized in Navy report No. M-lL_l'·. ~:-. ':.iF,t w'Jrk, -.;h prc,:.l,·:· 
was attacked frozr. the angl£· of rrepar'.L::,· 0

::-•• ,J.l te:::;t 3pEcime,·, ~:.· 
ti1e one-half width Charpy notched-bar '-YT· 1 r·;:,rodv;:i.:.~· ·.~,. ~;r,:,~ 
L'!lr.lediately adjacer:t to a bead weld, t!,ir, ·'I(~('. ~d :naxlr.:ur:, ~. :1:rd:.c~:::c 
ar.d largest grain si8e b"':.::,c con:;i.dereri '.;-,. k-~y to "weldability." 
The present investigators cannot cc,r,.~:, i:: ;_~ i::: obs,:·rva~.ion. : ) 
te:;;ts were carried o: .. ,t shovri!"'.g tha • Uic. : •:er:·,,_,;:, t.-t•d ::i.rea wt.en bac~•.· ' 
up by tJE.terial with a nildcr he:.:t trc.:1t,,1.·r:c, su~; a.."> oc,."1rs b: 2 wt'.L-1 

joint, would have the propt,rties :)f '_L· r,Yc;ITlc..atcd nrea i t:.10lf. 
Furthermore, recent ir.ve::itit;;:itions h?w.: sJ-:r;Ym th,1t t::0 ~ometry cf 
the ooe-half widtJ1 Charpy notched-bar is v1-r0n;, :-::nd. ~r:~J.t at lt·as-:-. a 
full width Charpy speci::ncn is req·1ir-ed for r• l iablv (~orrd",Uo::. 
Also, it has not been convc,ni:::.1.t in la~,c.,t:'-'ry ;r2c,J::r•. to ji_:;•li•':,~,, 
in other than a very sr...all tc,t src·c,7c<;:·,, t::': Lr,,:rr<:C ,·,cl.:·; whi;.-:h 
results in wcldiDg procedure:::,. 

In YL:w of tJ, ,:,sc ,1: .d 0 •her con :::ide0 r :-,. t.~ ,)nt:, th~. ; !"; ::,,: ~: 1. u1 •.0
, s · i.

ga tors haV'f:: prepared ar,:! te.:ot-0ci Sl')CCi:":ms ··:,,t hevc· b:,.·n s:1::-,jv:·•
to the actual cycle of h ,,.\ tr-~atr.:!"'t cL":~-ii-•·•1 :l.•.ninf w ldi::r;. 
Ini !:.i al t.e s ts of t-h,) n: l !l t c vr t,·,1_.,~';:·, :::' ,, f •:. ;1r0a r, .!J Z"tC• :Lt to .,, 
wuld in scvcrnl hot. rolh:i st,:l:: ir. "r·. ::s r··l::..,,d co,,dition ~re 
here.vi th. reported. ·rh•_ ~.-.ff.,:·ct0 o~-- 1 '\,n··.::L ::.1.:.~_-, rrv}~t--;:.ing, ."r :J~Y-· ~~ 

relit.:f anncslint,: n.r-..: ;-,n: 1nclud.d in •h~.::: r·:'ort. A st.and.~.l'Ci not~' 
bar test specimen of t t'."' f•1ll "'1:~,J ~ !: ,:i;,.: ;. ,:-,i.~t,ls' w~ l t..~ ';::·?tch. C!:,,.rpy 
t:rpe, with the aJ.·e.x ,Jf 0 he w:,tcr, t;-;.n;·•·:1 ' tJ' t.r,, 1:~:c:::.0:-. tu,c ~tB.S :l',_·,rr· 

l • t . , , 1 ♦ ..-. , ~ • ~ """ ., •· ,... - • .- '• h t • . • ~- n . ' <: q ,., f • "' "' '. ,·, ~.; exce ..Len pron:t15~ 111 ~4e._.('.1,~,~.1:1rt\,;..i_,1d L,_; -'•\.i,.\.,.,..,. ~ l.•;_,~U•\.,._,,. \.) '--'•"'"' •~•._..<. ._-

ff t d • 1,4" ~•~,., ., ~t,-...•· •1• •• ·.u· :/.;_.., -,. (i.,l"."lr.r..,_r,..-.c._ ';, 'H!" a ec e zone in arc we~---1ng. , L . .1...1 cl.t, ."L•. ~ " ,,,: • ~~ .. ; .• tt~~·t1•·"--" ... ••"L· 

been desii:ned .'.l."'1::i r>•.li.lt which in::1~·~, c,n, ♦.an 1 ,,,.ddi:1f: r:ond:tL,r:~;. 

Thermal studies have beer. c~1rri,,.J c·:,: in r,:r.!-,r '') t.etttT ·~!:i~r-
3tand the tht-rrnn.1 •~on·Jiticns anr! ~11•;1:- ,~f'f\•f·t ';~~ ·-~-:,. ;,-_~:.:::1 t_ ~:'. t -l 
P:.djncent to th<:' ch.::positcd r,l,t,,1. At• .. :,:~"nn \s _:;·.:· : tc, il·.•,. l 
in which is prer,.-;ntcd 2 ::,_._.m,ary ~.f +..:.r: ,. ! :"~ct o' ·r, · '.,. r.rd. •i 

arc welding on tr>:: strc:r•+.ure ,':J.'.1• h~rd:-.ec . .,- i·:' t::" ,:.rr:.'. '.lidVU. ,n 
cr..sc of n plain cf•y:,r :3~ 0 1. 



Il!ffiODUCU oo 

( a) Aut.QorlzaU,on 

1. This problem was ~uti:orizr>d •·v '.1.,rc'D'' .. -: :rc.•inc,,rtr:'; 
letter JJ46-l/L5{L.-2-Ds) of l Apr".u ic,·~·,. 

2. .A S':.J!llrn.ary repO!"t on the ff"::,r·~.;~__:, ··f -:.'er: :.:~vn·::1gat.ic,r-
W&B subnitted lmdf'r Nava.1 R":'search Labu-<1•.r,~·y hnport No. M-141.9 of 
January 1938. 

(b) Statement 2f Problem 

J. Tr1e term "weldability1, a.:; .·,.: ;.L:'.J d t.o a ;;•_.. ·:l, )·,:~ ~;rJt 

received any uniform definition by •.t1r wr>ldir,g i.r.d~.strJ• -c'ctC!i >:vr•c-
tigator setti.nf up ~.is own definition frr l .. h,· t..::rm. ln U,F: 1,,..:;t 
analysis, regardl 1.:ss of tr.~ type 0f la:,,r:;t::ir,1 or 0t..'."'r tests u:;e:l 
for qua.lificat.ion, the term 11 wc·ldabi}: LJ--'' cf ,1 stet:J ~f•:ro tA:- the 
degree of ease cf producing a wel..i jci-,'!_ ::;ati.sfactory for th, .. 1-t.:.r-,,of:-'. 
intended. Miy laboratory test must nc:o,_~:iz'.e th::.s fa('t. Much 0f 
the confusion ::1ay be accounted for t-y r:.~ rae, t.L1.t in (i;,;.sign fer 
welding, each joint is a problem b i t.ud: ¥-:i t.i-1c.t all tiit· 

variables of -.vnich tlv;r<: may be & drjzen ,,r :nor•:~, such &s tnickr,u,s 
of plau.::, speed ,,f trav--:1, rate of pew· r L.,~,ut., •_·tc. will haW! t-~10 ... r 
effect. 

4. Th .. ;- r,r;:~e11t. inv'-:·st.~!:8tion . :.::, .. ;! _'.rs i..r~ .i ~ first -~~p~ct 
a study nf th,-:-, •,.:_,-~rnc.:: ~ mNl!."'\;.rt:d ty :,ta .. ,i.nrd a.'ld dc,uble width 
:hflrpy notcn,Y-1--t.--.:r t·.'.--t ;,;·,:,ci!'X'r:S of • · -- o:,re:;t ~••~ t:tl 0!1d r: ,·t.
"lffcctr~d zone a;:-;., c·'" t.:· :a b,:ad nr ~;J; ;·l(. ]--;.,v,:l t-:-r--:•;vc w,J-!..,.1,. 

,· :.at>~~ .. aJ.1z-~ru', t·r--.:4.~<-t l:;.f7, o~ :: trr: ~~~= 

:~Jdc.J ~:t t.,;.!~1 !'",•i;:"'r",..._ 

") ,.._ 

b. 
,. () b(: t_ r ./" r 

• ·-- : i><i r.'.lvr _ b,.J•• · • -- -
~-=-' tn. r~al ca,:!, ·_ ~' '! ,-

r -.i. ~ _ l 

~:.fft·rc:1t co~41;,~~! ! Jr,.) .s 

::1.:J.y f, r (-::-i c{l .. ~ ';, i ··. ~- l:.J.r.i:,~~~-~s ;. )~,:~;~-•~i:_ 

rjr t:r: t ~t ; .>:!"',:..~"" 

~.~{i·f··rt:r,t rJ..c·,):-1~'.'."' ·z ,;.'... ,, . ..,._:·, 

--. 
-;-



9. n-ie general effect of ch~ in width of the notched,-
bar is shown by Plate 2. The actual value~ g1 ven will, of course 
change with variations in the caDposi tion of the steel under test: 
The greater the notch sensitiveness of a particular steel the greater 
spread will be shown in thia type or curve. 

10. The ef'tect ot heat treataent on the Cllarpy notched...-bar 
value is shown by Plate 3. Here again the actual values and the 
exact position of the curves w:Ul be determined by the particular 
steel under investigation and the particular heat treatment to which 
the specimen has been subjectecl. 

11. A search ot t.be literature disclosed many in-vesti.p.tioru, 
upon the metallurgical behaYior or the hoat-attec-ted zone adjacent 
to a ~ld joint or bead. Sewral investigators haw meaaurod thermal 
conditions adjacent to a weld. However, no publicatim correlates 
the actual metallurgical chanpa, as predicted by the Pe-C equilibrium 
diagr•, with the time-te8')eraturo cycle in welding proceaaea. 

MATRW, IJJPEH TfSt 
12. 'nio series o! laboratory and coanercial steels 1'hich 

were wsedd. in the preYious s tudiee of this problem baa su.pplled the 
uterial for this in'98atigation. 'lbe analyses o! the plate material 
appeaz- 1n Table 1. 

13. Jto. ?8 Airco, Grado F.A, Cl.a.as 2, hea,,;y coated elect.rod.ea, 
3/16-4.nch in die.meter, wer-: used a.:, the st.andaz,i in this welding study. 

14. Sowral other aakos of electrodes wre aao avaUt.ble 
tor t.be?Ml studiee. .Aam1g these are included: 

Una J200 - 3/16 inch diameter 
Mul'9X C:re8t.a - )/11, inch diaiaeter 

lS. It is tel t that a full autcaatic control of welding 
condi t10NS 18 e tundamental requisite 1n ir.aking test welds. While 
it ie true that mch perfect weld metal is depoei ted manually by 
skilled weldere, it is equally true that test worlc requiretl the 
mair.tenanee of uniform values of curTent, arc voltage, and speed 
of tra"'81 of electrode. A.s a result., after coosiderable experiment.al 
and design work, a full antomatic weldi.'fl.g control has been built lllhich 
closely maintains the welding conditions to a predetermined .alue. 
This insures caaparablo and renroducible result.a. 

16. '!honaal cmditians have been est.ablished 5bow1.n& the cycle 
of temperature through which the metal adja.cttnt to the depoeited 
metal passes. In the determination or this tia.-teaperaturc :relntion, 



Pt• Pt,..l.OJ Ill theaocoup1ea aade fr'CII lo. IJ) BIB ..... "1J'e WN 
IIOUlltec:l in a 2 • ( .OJP) t'Jae?IIO(Q;aple tGbmg and inNrted int.o holes 
drUlecl 1D tbe bottca fW GI Ute tAlet plate, t.he the,-,..,,_ 
beinC locaW at. ~ dietw,ea hta the depoaited and... '.fttla 
1• cleu9.y ebolm m Plat.e 4. Care w tam t.o inau'e poet contact 
of U. t.belllCNOIIJ)le beld with the teet plate. A ante c■■l!ll'9. was 
uNd for eaab tbemoooaple to J"eCOJ'd a1aultan~ Ute traoeient 
1'Md1:np GI a lli.lli'ftll.t meter and a atop.watch ea the beat weld,... 
made 01'1 the top tace ot tile teat plate. Type ot electrcde and 
power irlmt baa been ftli.ed in test.a ao tar. 

l?. Temperature meaavraente haw been aade m the weld metal, 
during llepoaitian, ua1ng an aptica.1 py1'Qleter. An •rater trained 
in the ch~ ot the temperature of 11any steel caeting beat.a waa 
available ai,i omriatent resul t.e were obtained. 

18. Single bead welda were deposited trarunene to the 
direct.ion or rolling an 6 :x 7 z l/2" plat.ea in the as rolled conditi<in. 
The elecU'Od.c was used with rewn,e polarity at 175 amperes, 25 ~lta, 
and a speed of travel of 6 inches per minute. An approach plate we.a 
used in order to make a greater port.ion or the teat plate available 
tor in~stiption. nie plates ware sectioned to g1. -ve spcciaena for 
llli.ero and macro euad.nation. Fiw sumdmi (JC;\" x .394" x 2,16S") 
nncl two double widt.h ( .)94• x • 788" x 2.165") not.cbed-bar bead weld 
specimens were also prepared. Alter these were ground and etched 
the locatioo or the V-notch was detenained by using a canparo.tor 
or micraneter for mensurement. The apex or the standard V-not.ch 
was machined tangent to the fusion line M in Plate 5. Five standcrd 
and two double width specimens wre also made for each plate material 
te5ted• 

19. In a secmd series of test plates., single bevel groow 
1relda were prepared, one plate boin& scarfed to a 45° angle, and the 
other being cut 1fi. th no scarf. A backing strip -.me U5ed w i th a root 
opening of slightly over J/16 inch. The wel.d was c0111pletcd with six 
paesee using reversed poln.ri. t.y, at 190 aq,eres, 2? vol ta., and a 
tra~l of 5• per 11:inute. During the first tao beads., the plates 
required positioning in order to obtain f'ull penetntion at the root 
of the weld groow. Six standard width., notched-bar specimens were 
machined, three with tho V-notch at the fusion lino ard three with the 
V-notch at the outer edge of the heat,...ntfected 21one o.a shown in Plato 
6. It its telt that weld joint., do.uble w idth apecimens would add 
much to the weld joint data.. 

20. Vickers Bri.nncll hardness measurements have been made on 
tho bead weld macro specunens using a 10 Kg lood with the diamond 
pyrmn:1.d. Macro- and micro-photographs are being ude and will be 
included in a t'uturo report. The notchod-bar spocimone were broken 
in an Amsler pendulum type machine at temporaturBs bct.eoo ?O nnd 750F. 

-.3-



21. Time teaiperature cycles in bead welds are presented in 
Platea 7 to 14, current and type of electrode being varied aa 
indicated. 1he relation ot power input to plate matenal melted 
is presented in P1a t.e 15. 

22. 'lhe relation or the:rmal cond.i tions, structure, and 
hazdneae u the result of arc welding a mild carbon steel ie 
preeent.ed in Plate 1. 

23. NotcbeG4>ar test ,nuues for the plate material, bead weld 
and wld joint specimena tosether with a hardness 8U1IIIIIUY tor the 
bead weld &l'8 presented 1n Table 1. For con'tenienoe 1n CClll)arieoo, 
the hal.f-width keJhole and 11914 quench test values preYiously pre
sented are re-tabulated. 

Qa!CLU§l(JIS MP Jfflf:9NPP!?+AD 

(a) flGI lt~Marht4 
24. Certain the:mal distribution curves shCJllring t.he t.i.Pte-

tealpera'tllre cycle 1n bead welds hew been establillhed. 

25. '-"'c use ot standard width, 10 • ( .'J94•) and dOlllble 
width• 20 a (. 788") Cbarpy notched-bar test specimens dof1nitel7 
gi-.u infol'lllltion re,ardinc toughness or plate material. 1n the u 
rolled and. welded coaditim. ibis iru'ormation 1s not gi't'lffl b., one
half 1"141'h, S • ( .197") Qiarpy notched-bar t.et apoc1aeoa. 

(b) Csl,lat4r&l. faqta &tA llrurzm4e4 AJmlica1,ioD 

~ Ua1n& 3~ caaerd.al eloctrodoe, lo. '78 Airco, lturex 
Croeta., and tma 3200, under identical conditions, no d'U'ference could 
be noted in Ule 1heraal cycle throUgh which a plnin carbon stool 
plat.e puNd during wolding. 

-:n. 'lhe t.t.ao-taaperature thermal distribution in a bead weld 
indie&'Ma that the time ot cooling of ono-ha.lt inch thidc test 
pletiea increases 1'i tll the power input. 

21. !be 'VOl.u. ae- parent metal mel t.ed. decreuea wi 1:h a 
dOCI 1&110 1n power input. 

29. Theee two tacta h&Ye d:1 rect a.'"td apposite e!'fect.e in 
the pl'Mtioal weldinB ot low alloy stoola. In steel• llhicb alloy 
eomd17 wit.ht.he olcatrode deposit, on iJlcreaae of pmer input will 
redQoe tibe danger ot the d.raatic weld quench. <kl the other hand, i.t 
t.he ...Ut.,- ~ the weld aotal deposited arutfore ch1e to parent metal 
~ -. po.er irJplt an be kept 11.t a nd.niJla. 



,0. ............ ·- •Ill. condit:l.cala - 11ia, .... Ya1w 
tor. 111.lAl .... otll - ......... Id.th ob .... ~ .. --
..... ,. r:111~--- ·••11 mnce u.e •• •~.,. 
Saa.._ ........ .._.....,otMat-.nedmel, 
..._ ot ••lllll ---'1-t4Gaa _. atcroet.l\lolD.tte -ar lie ..t in 
,......_ ..._ ,___. ot ..,,SUbr:ba dlap •• !be etteo1la 
ot 1.- .t1o.r "'41.t4 .. 1D lld.ft1JJc known ~ ...... _, a1ao 
be rln .... Pm1 • ta1 data et tb1a t\Jpe 'WINl4 belp •c:b in a cldrer 
• t1ft1 ■sJIIII of 'lbe ~ tb&t tat. ~ 1a 1be parent metal 
~t.toaaldscne. 

Jl. Plat.e 4, a ~ mtlnal Cl"QN-MCtien ot a bead 1181d, 
._. 1lae leoatton ot a Ht ot tiw tbelWKXJ111)lN WIied tar lleUurin& 
+tie --...1 arele at ftdcu ctt..tancea ma a bud wld. It ii 
intel'Nttn, to note tbl 1011 of Ula •tal u it haa been depoaited. 
lt -. MGHeU., to HCt1m 1he plate &long t.be line of Ulel'IDOOU.pl&a 
ill older to detellline t.be1J" d.iatADcee traa tbe W8ld •tel.. 'the 
CU"8 to tJae ri,lbt in 11pn 2 ehon the nlatl.an ot wn1 .. tape"'°" 
tun and d1nance hm wald •tal for a lo,r carbcn ateol. The curTe 

1a not CClfttinuou1 a cbmte in al.ope tllkin& place bet.en 714o C. and 
9JJI' C., 1.nd1c&t.in& the A3 tnnat'ora&tiffl. 

32. ~ tae heat-&ttectecl acme of t.be bead wld, as 8"11 
in Plate 1, m.ate tbe 1lbole nnp ot heat,..tnatad mater.Lal.. An¥ 
1Nldinc procedure w1ll n.....-117 produce ccnditime OQlllp&l'8ble to 
both good and bad heat vuting practice. At the whl--aetal. parent
meial intel'fac., the uterial bu bean heated 11p to t.be Ml.tine point 
ot the parent aetal. md cooled rapidly or quenched thl'ouab the 
auntnitic J'IDl9 hr the ~ parent metal. 1M grain cl'Olfth 
in thia ... will depend clinctly upa11 the -mew ttaper"ture 
attained o-.r the~ point. The ti.nal etructure will be dependent /\ 
upon the ecapoei til'lb ot t.be at.eel and the rate ot cool.1.ng. ( ~ 

' , 
33. 1be "11!1"7 coane at:ruct.ure ju.at below the •ld metal, 

parent.-lllttal interface ia a ccndit.ion typical of ow ted el.. 
'!he decree ot grain p:'OWth ia p-eateat juet below the tualm line 
and beC<lllls leas ae the 1111Siaa temperature decre .... until the A.3 
t.ranstormatian point ia reacti«t. The nol81 result rd heat-veataent 
u ordinarily practiced ia a refined grain aiH, and the grain growth 
aaaociated with -.ldinc ia t.he reault ot the et.eel having been at 
temperatures well 1n exceN or tbe A3 tranetomatian point. In 
general, the hiaher the huden1ng temperature, t.he aia.er is the 
critical rate ot cooling neoeasar:, to dewlap full hudn.eu. 

34. In the &l"e& which baa reached a au:inm t..eaperature 
below the .l3 and abow the A1, auateni te begins to tom which in 
tum ia traru,tormed to the ferrite c1 :ntite phue during tpe cooling 
cycle. 

JS. For temperatures juat below the Ai tranat'onaat1on., the 
carbide particles tend to dif1'lse ond coalesce into epheroidal. 
part.icl..es. 



J6. Trc.i'lefonnations and changes require a definite amount 
of time but are hastened by increased temperatures. Lower carbon 
and alloy contents will tend to permit th6 changes to take place 
at shorter intervals of time. The effect of higher carbon and 
aJ loy contents is to increase the sluggishness of transformations 
and to shift the critical rate of C;Ooling to a higher value. 

37. It is to be e~asized that in th& heat-affected zone 
of the parent-metal, adjacer.t to a weld, the maximum temperature 
attained and the rate of cooling at any point will determine the 
final structure produced. AB we leave the fusion line, the tempera
ture difference between 8t1Y point and the paren~tal becomes 
less and loss, which in tum will reduce the thermal gradient.a 
and decrease their metallurgical effects. The w,e of preheating 
arid multiple bead depoei ts will affect the structure of the parent
metal only insofar as the thermal cycle through which a particular 
structure passes is affected. 

38. A typical crack occurring adjacent to a bead weld is 
shown on Plate 16. It is to be noted that the shape of the bead 
weld on the steel plate is such as to produce stress concentration 
at the toe ot the weld. The crack initiates in the parent metal at 
this point adjacent to the fusion line and progresses in the direc
tion of leaet reaistance through the heat-affected zone. 

{c) D1acwgign of Data 

J9. As a ,eneral suney of the data presented in Table 1, 
Pl.ate l?. bu been plotted, c011paring gre.pbical.17 the ,ralues of 
atanda:rd width V-N>tched with the half-wid tt1 keyhole-notched 
ep,eciallna, At f1.nt glance, the correlation would aeea to be poor 
but llbeo CJnB reeosnisu the variables which affect the notched--
bar test, auah •• shape or bar, sise of bar, and type ot notch, it 
is Kl'J)l'inn& that the c9nelation is as good as(~t 18. It haa 
been pointed out by Hoyt tl) and lie.Ada and Clyne J that a narrow 
noteti.d test epecian 'lllll'3, at rooa tall>eratu:re, have a higher notch 
~ than a wideT specimen. Notch sensitiw material. will show 
a ct.cided d~ in energy absorption per unit area ~ the speci-

- - - - - - - - - - - - - - - - - - - - - - - - - - -
(1) Hoyt, s.L • ., Notched Bar Testing. lletals and Alloys, Vol.7, 1936, 

PP• '5-7, 39-43, 102-106, and 140-1.42. 

{2) McAdaa, D.J.,Jr. and Clyne, R.W. The 'l'heory of I.Jipact Testing; 
Influence or Temperature, Ve1ocity o! Deforaation, and Form and 
Size o! Specimen on work ot Deformation. Meri.can Society- for 
Testing Materials., Proceedings, Vol. 38., 1938, Part II, 
Technical Papen, PP• 112-132. 



mens increase in width. 'the curves presented in Pl.ate 2 are 
'GJPical cunes of this phenomenon. For different steela, the aet 
ot CUJ"998 may be ebitted laterally to the right or to the le.rt. 
Th.e greater the Width of a specimen, notched on only one side, 
the greater is the hindrance to contraction along the notch. In
crease in specimen width in any particular steel, like an increase 
in depth or sharpness 0f the notch, raises the temperature a.t which 
the steep, low temperature drop of the curve occurs. Heat treat
men t will also shirt the notched-bar value.a. Grain size and 
degree of uniformity of microstr..1cture will also affect the notched
bar wlue. Typical effects ot heat treatment are shown by the 
curves given in Plate J, which represent data obtained on a carboo 
steel. Cognizance of these variables, the type of specimen and 
the heat treatment, is eaaential in interpreting notched-bar values. 
Notched-bar testing will auy be of tull valuo when the variables 
which affect its results are recognized. 

40. Hardenabili ty can only _l:>:!3 considered as a 
r~gh indication of a steel's lf(:)ldability,~tecls of differe'1t 
cmnpositions may, for an equival~nt hardnoas, possess different 
degrees of toughness or britUeness. However, this approximate 
cri tcrion of hardness may be used and the s tecls divided in to four 
groupe. Group 1 would include steels in which the average hartlr.ess 
of the heat-affected zooe of the parent metal is below 200, group 2 -
200 to 250, group J - 2S0 to J:25, and group 4 - those showing hard
nesses above 325. Group 1 includes steels which may be wcldod 
without preheating and wi t.hout neccssi ty of stress relief annealing 
after welding. Steels numbers 1, 2, 5, 6, and 9 are plain carbon 
steels, hardenabili ty being kept at a low level by reason of the 
low carbon and manganese content. Notch sensitiveness shown by 
t."1-ic high ratio of double width to single width ta::;t values in these 
steels is low both in the as rolled as well ae the welded condition. 
Steel No. 20, in spite of low hardenubility, shows a decrease in 
the double width Charpy notched-bar test value compared to the 
single width. This indicates thnt this steel is notch sensitive at 
room temperature nnd would make the use of this steel questionnble. 
Welding heat-treatment does not change this behavior. Compnri3on 
of single and double width notched-bar sp,c.:cinens of plate material 
and of the bead wcld type show some beneficial c ffoct of the 
particular therm.al cy::le used in these weliing tests. Weld joint 
properties showr an improvom---mt. 'Inis behavior of Steel No. 20 is 
not shown by tnc 1/2 v.i.d th specimens• In Steel No. 29, 1 t was 
not possible to obt;.1.in 2. break across t..h..:: nr.nealed zone in the 
weld joint specimen, ;cs in each test ::m i rregul;::u- break down through 
the fusion lino 0ccurred. From tJ11s series of tests, the samples 
of Steels Nos. 27 n.nd 32 indicate the best welding properties. 
Tests on otirnr sal'l'fllcs, and a wider rcnge of tests, will be 
required before .. ,irthcr ri:-coffll'!l.end2.ti0ns cw-, be mnde. 

-7-



41. Group 2 includes those swels which require slight 
preheating for heavier sections; and stre!:s relief annealing is 
advisable for lighter sections and mandatory for heavier aections. 
Steel numbers J, 10, 1.3 and 14 are plain carboo, steels with 
somewhat higher carbon and manganese thrc:-: the ~teels of Group 1. 
Steel No. 13 with Dome degree of notch srnsj L vi ty :it room tempera
ture is not particularly affected by t.'1e prcst:n t. wdding thermal 
cycle. Steel No. 18, a carbon-.50% molybdenum and Steel No. 23, 
a copper-molybdenum steel show good. notched-bar properties in all 
cases. Steel No. JC, a Mn-Ni-Cu-Mo steel shows except1.onal 
improvement in notched-bar values, in the heat-affected zone or 
the weld joint specimen and in the bead weld test. In consideration 
of the notched-bar test values, Steels Noa.10, 23 ar:d JO may well 
be included in Group 1. 

42. Group J includes those steels which require preheating 
to JO()O F. or higher and a stress relief anneal is ncressary for 
both light and heavy sections. Steel No. 4 is r.. pltln curbon 
steel which has a coarse grain, indic~ting a fi~ishing temperature 
considerably above the ,½ trans.formation point. The coarse grain 
enhances the effect of carbon and manganese giving brittle 
notched-bar rcsult.s in all caBes. No double width test values 
were obtained. Steel No. ll is a steel w1 th carbon ot 0.29%, and 
manganese of 1.06%. All notched-bar teat vclues are comparatively 
high, although the ratio of the standard to double width notched
bar in the plate material is low. Weld heat treatment gi-vea an 
impl'OTed · atio.. Tho coarse grain s t.ructure has shi.tt.ed the 
notched-bar temperature curve to a higher temperature level tor 
tho l/2 width weld quench. Stoel No. 19, containing 0.79 per cent 
molybdenum, shows some decrease in the ratio of the double to the 
stsn.dazd width bead weld notched-bar, -.men compared with the ratio 
for plate material. This indicates an increase in notch sensi
tiwmese of this material when subjected to wold hoat treatment. 
'!he standard width weld joint annealed zone shows a decided 
1.mpro'ftllent. Steel No. 22, a manganese-vanadium stocl, is somewhat 
more notch sensitive in tho bead nld test thon ns rolled. Steel 
No. 35, a carbon, mangane5e, 2.'1 per cent nickel steel, is 
decidedly in fiuenced in its notch sensitivity by the present 
welding thc:nnru. cycle. Steel:, Noe.19 and 22 may well be included 
in Group 2 classification. 

'3. Group 4 includes those steels whose avorage hardnees 
of heat-a.ttected zmc would require preheating to 40()0 For 
higher and the welded structure not being cooled until stress 
reliewd or annealed. Steel No. 33, a 4 to 6 per cent chromiua
molybdenta steel is decidedly sensitive to the present weld therul. 
cycle, aa shown by ottecte of the bead weld test. TI-le double 
11'1.dtb speciJlen ot the plate material. docs not show n.a high a 
notched,-bar value as the standard width, although both of theee 
Vl\luee nre high. Steel Ho. )7 is decidedly infiuenced in i ta 



notch .... itln~ 'b., the pr1■1nt welding thermal c,-cl.e. Steel 
Jo. 38., a chral11a mnl:,blen• swel w.ltJi hish initial hardneu 
and coane ,rein 1n tbe ae ralled cmditi«i, lb.on low notched-bar 
..:1ue 'llbicb 1a ~ bprowd by Ule bead weld heat treataent. 
Dupite the hictl bardnetls, t.bie steel 18 a better welding steel 
th• Steel No. ), for eSllllple., and may well be placed with the 
at.el.a ot Group 3 or ewn Group 2. 

ftllttlX MP ccwcu.mmm 
44. 1be use of a single and a double wid.t'1 Charpy V-

not.ehed test specimeru, or a welding steel in as rolled condition 
u.y be uaed to indicate the degree of notch sensitivity of a 
~ •teel. 

45. 'lhe use of a single and a double width Charpy V-
notched test specimen of a welding steel with the apex of the 
notch tangent to the heat-attected zone under a bead weld may be 
used to indicate the degree of notch scnsi ti vi ty of the welding 
steel af'tor being subjected to a weld thermal cycle. 

IJ,. By canparing the notched-bar value or plate material 
1'f'i. th that of the bead weld notched-bar, an indication is obtained 
of the effect of weld heat treatment on the notch sensitivity. 

47. The use of the 1/2 width Charpy notched-bar test 
presents results under only one condition 8lld the data are in no 
way cooiph..te. Also., inherent in this she of specimen is a 
lowcr-.i.ng o.f' the temperature at lfhic.h the stc~p low temperature drop 
of the tota.l worl< curve occurs; ht:nc,.":!, ductile breaks and erratic 
conclusi0ns arc possible. 

48. n·,e use of bead weld notched-bar specimens takes into 
cor.sidcrati on the ptfect of the annealed zone in those stec:ls 
'il'hich h2vc ,~ bri tt,le annealed. zone a.s w,::;ll as those stc\.'l!l which 
~:ave- a bri t ... l,~ ~;sion ?.one backed up tv 2- less brittle annealed 

49. Wt:lding technique mny be v:c1ricd in the prepn.ration 
'Jf th€: ~:x! we1d t.cst specL--nen iri ,·f\.h:•r to d,.:ternri.ne the critical 
rato of coo1ini• t.·claw wii:i ch thP t.h;:-r:nnl r:yclt.: may ;,roducc {'rratic 
behavior. 

50. 7kld1.:1.g t,e;chniquc a:1d CQnditio:-1.::;, tt1z,'-, is, pr,--.:~::::;::t, post 
t1eat, plate tf'cc:kness, Md weldir.f ;,r-occss, t:1ay bf' varied in prepara
tion of tl-L~ Df-·e.1i ·.'1E-ld notchcd-b·_:r tu sul t con.~erc-,ir-J prnctict: used 
in ;-,r.:, c-,"rt>·u1:--r \·rc:lding S'10f. <:;r __ :_-1'.,r<.i conditior:t should lx, s,:t 
ur !',-,r er_,,..-__ .,ri~0 :n pur,>Os0r.. Sol"".l· :; ! __ :;, : s ·.:i ]l :.1npr-'.:''.'( decideclly 
'U',ci<.r ~p· c~:11 W( ldirir tA,chnique. 



51. Dat.-1 have been presented ~ggesting the use of single 
and double widtt V-notched-ba:r of the Charpy type in the s--wdy of 
notch toughneas cf plain ~a:rbo!i Md low alley steel pl,.i te material 
in the as rol}_(,d rid welded con<h thm. 



Steel 
N 

Chemical Com.22.oition - Per Cent 

-- Mn Si lU Cu ti 

1 0.17 0.41 O.l7 
2 0.25 0.43 0,20 
3 0 .35 c.e8 0.23 
4 0.44 0 .65 0 ,24 
5 0.21 0.38 0,003 

6 0 .27 0.47 0.002 
9 0 .24 0,48 0.23 

10 0.27 0.74 0,21 
11 0.29 1.06 0.25 
13 a .26 0.46 0,005 

14 a .28 0,54 0.058 
18 0.22 0,47 0,18 
19 0.20 0.50 0.17 
20 0.24 0.46 0.001 
22 0,18 l.40 0 ,21 

23 0.15 OM 0 .20 
27 0.06 0.35 0.002 l ,95 
29 0.028 0.19 2.08 
30 0.09 0.72 0.047 0,96 
32 0.12 0.75 0,48 

33 o.u ---- o.H 
35 0.27 0.69 0.20 2.31 
37 0,28 0,68 0.20 2,5ff 
38 0.14 0.49 0 ,49 

* Typo of break not recorded • 
..,.Analysis not completed. 
D - Duct ilo break. 
C - Weld crack. 

I 
I 

I i g:~~ I 
'1 

I 

0.7510.J.7 
o.94 

l ,341 O.ll 
I 

I 

10.51 

0 .70 

V 

I 

o.u 

i 
0.34 

5 .85 

l.8l 

1/2 ·,7idth Charpy 
Keyhole Notched Bar 

",Veld 
Plate* Quench 

16 18 
16 15 
19 13 
lO 2½ 
17 12-/; 

16 15 
9 9 

19 9 
22 7 
14 16 

j 13 12 
24 25 
25 20 
16 l5 
13 7½ 

23 26 
30 30 
3l 27 
24 30 
30 27 

36 14 
15 2½ -- --
21.3 21.6 

TA!LE I 

THE CHE!JICAL A:1ALYSIS, N0TC,ED BAR VALUES 
IN FOOT-POUNDS AllD VICKERS 'lRil!E!.L 

HARDUESS FOn STi:EI.S rN'/1i:STIGATED 

Charpy V•Notched Bar Gpecimen 
for 

As Rolle_d Pl_a te !.!atorial Bead -:leld 
172 ;vidth Standard Double Width 

(5 rum) (lo mm) ( 20 llllll) 
Charpy V-Notched Bar Specimen 

'tnndard Double 'i/idth 

32 (D) 55 101 44 85 
26 (D) 40 63 38 70 
18 {D) 17.2 29 17.l 26 

8.4 lO --- 12 --
25 (D) 25 46 38 80 

26 (D) 26 48 39 50 
18 (D) 41 ! 73 35 60 
31 (Dl 49 94 38 74 
46 (D 107 (D) 147 76 (D) 139 
24 (D) 30 36 32 40 

19 (D) 22 40 27 46 
38 {D) 82 (D) ll5 76 103 

39 \Dl 55 91 57 75 
26 D 39 35 48 44 
l6 (D) 32 56 3l 49 

I 
36 (D) 37 68 68 145 
52 (D) 71 (D) +220 (D) 110 (D) +220 (D) 

i 57 (D) 163 (D) +220 (D) 129 (Dl +220 (D) 
49 (D) 23 40 100 {D +220 (D) 
54 (D) 121 (D) +220 (D) ll8 (D) +220 (D) 

54 (D) 147 (D) 141 (D) 22 {C) 37 (C) 
25 (D) 50 85 28 50 
57 (D) 48 92 28 (C) 56 -- 14 25 77 91 

I 
i 

Wold Joint 
Charpy V-Notched 

Bar Specimen 
Standard Width 

Fusion Annealed 
Lins z 

39 ! 55 
37 36 
47 ', 18 
30 8 
34 25 

57 40 
34 ' 34 
42 44 
49 127 (D) 
45 37 

38 24 
45 49 
54 95 
41 54 
46 32 

41 91 {D) 
82 no (D) 
41 ---
48 23 

ll8 (D) 150 (D) 

37 30 
35 59 
30 44 
32 24 

Hardness 
Vickers Brinell 

lO KG Load 
Heat Affected Zone 

Steel 
nate Max. Aver~e N~-

162 215 
168 227 
194 246 
220 333 
156 215 

168 233 
156 206 
174 237 
192 369 
166 282 

164 237 
180 240 
l90 270 
160 209 
216 351 

180 215 
174 l 95 
150 151 
212 246 
172 209 

158 446 
212 363 
210 351 
295 397 

176 
196 
226 
265 
180 

192 
184 
205 
258 
222 

206 
227 
252 
189 

' 287 

203 
I 186 

147 
I 239 

I 195 

383 
301 
373 
362 

1 
2 
3 
4 
5 

9 
10 
11 
13 

14 
18 
19 
20 
22 

23 
27 
29 
30 
32 

33 
35 
37 
38 
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